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ABSTRACT  ^  ^ 

The  work  of  the  Air  Force,  Georgitf'  Institute  of  Tech¬ 
nology,  Crest  Instrument  Division  of  Magna  Products,  Inc., 
and  Forest  Products  Laboratory was  reviewed  to  establish  the 
degree  of  sensitivity  of  electrical  resistance  corrosion  in¬ 
dicators  and  their  applicability  to  the  evaluation  of  cor¬ 
rosion-preventive  oils  and  compounds. 


Laboratory  work  conducted  under  carefully  controlled 
conditions  indicated  a  high  degree  of  sensitivity  utilizing 
thin  film  indicators.  Exposed  specimens  which  exhibited  no 
corrosion  when  examined  visually,  provided  small  resistance 
changes  of  to^flve  peroeat'^by  careful  electrical  measure¬ 
ments  during  the  same  period.  Although  each  individual 
electrical  indicator  detected  corrosion,  variation  in  response 
or  lack  of  reproducibility  indicated  an  undesirable  factor  for 
use  in  field  tests. 


The  adaptation  of  the  corrosometer ,  originally  designed 
to  utilize  probe  type  specimens,  to  e  glass  slide  having  a 
thin  metal  film,  provided  a  high  degree  of  sensitivity. 
Satisfactory  results  could  be  obtained  only  after  a  thorough 
check  of  the  electronic  system  and  elimination  of  variables 
in  the  procedure.^ 

There  are  other  matters  which  must  be  considered  con¬ 
cerning  the  use  of  corrosion  indicators.  The  highly  sensi¬ 
tized  surface  presents  the  possibility  of  a  reaction  with 
contaminant  gases  and  particulate  contamination.  In  addition, 
with  the  high  concentration  of  additives  in  corrosion  pre¬ 
ventive  materials,  it  is  possible  that  a  reaction  may  occur 
between  the  additives  and  the  sensitized  surface.  Such  re¬ 
actions  would  be  undesirable  since  they  would  produce  changes 
in  electrical  resistance  without  the  presence  of  a  corrosive 
environment . 


1 


62-1694 


RBCOMMBNDATIONS 

Laboratory  work  should  be  conducted  to  refine  the  current 
Indicators  to  provide  the  sensitivity  needed  in  corrosion  pre¬ 
ventive  testing. 
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ELECTRICAL  RESISTANCE  CORROSION  INDICATORS 
LITERATTJRE  REPORT 


OBJECT 


To  establish  the  degree  of  sensitivity  of  electrical  re¬ 
sistance  corrosion  indicators  and  relate  resistance  values  to 
visual  deterioration  of  corrosion  preventive  oils  and  com¬ 
pounds  . 

INTRODUCTION 


Current  methods  of  determining  the  protective  character¬ 
istics  of  corrosion  preventive  oils  and  compounds  involve 
either  a  visual  observation  of  an  exposed  metal  surface  or  a 
determination  of  weight  loss.  The  former  Indicates  whether 
rusting  is  evident,  however,  it  does  not  provide  a  quantita¬ 
tive  measurement.  The  latter  provides  quantitative  data, 
however,  it  is  lengthy  and  time  consuming.  There  is  a  need 
for  a  method  which  will  eliminate  a  visual  examination  and 
provide  results  quickly  in  a  quantitative  manner. 

A  new  technique  is  now  available  by  which  corrosion  rates 
may  be  determined  quickly  and  accurately.  This  method  con¬ 
sists  of  measuring  the  change  in  electrical  resistance  of  a 
metal  specimen  placed  in  a  corrosive  medium.  Since  the  re¬ 
sistance  of  an  electrical  conductor  is  inversely  propor¬ 
tional  to  its  cross  section,  the  change  in  resistance  of  a 
specimen  over  a  period  of  time  can  be  related  to  the  amount 
of  corrosion  that  occurs. 

At  the  present  time  there  are  two  procedures  that  utilize 
the  electrical  resistance  technique.  The  first  Involves  the 
use  of  a  glass  slide  that  has  been  coated  with  a  very  thin, 
vacuum  deposited  film  of  iron.  The  iron  film  can  be  sensi¬ 
tized  with  a  salt  to  provide  the  proper  response  time  for 
packaging  applications.  Suitable  leads  are  attached  and  the 
resistance  is  determined  by  use  of  an  ohmmeter.  A  similar 
indicator,  without  electrical  connections,  is  also  available 
where  a  visual  examination  is  sufficient.  This  method  has 
been  successfully  used  to  detect  the  presence  of  a  corrosive 
atmosphere . 

The  second  procedure  involves  the  use  of  a  corrosion 
probe.  The  probe  is  c;nstructed  of  the  metal  for  which  cor¬ 
rosion  data  is  desired.  A  currently  available  instrument, 
the  corrosometer ,  utilizes  an  exposed  metal  specimen  as  one 
arm  of  a  modified  Kelvin  B’-idge  circuit  and  a.  second  adjacent 
arm  of  the  bridge  circuit  of  the  same  metal  as  the  exposed 
specimen.  The  second  specimen  is  coated  with  a  highly 
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corrosion  resistant  coating,  and  therefore  retains  Its  origi¬ 
nal  cross  section.  Both  specimens  experience  the  same  per¬ 
centage  change  in  resistance  with  any  temperature  change  so 
that  the  ratio  of  the  two  resistances  is  a  function  of  the 
cross  section  of  the  exposed  specimen. 

Current  procedures  in  use  to  determine  the  protective 
properties  of  corrosion  preventive  materials,  generally  re¬ 
quire  that  coated  and  exposed  test  panels  permit  the  formation 
of  no  more  than  three  corrosion  dots,  none  of  which  is  larger 
than  one  millimeter  in  diameter.  It  is  not  known  whether 
electrical  resistance  techniques  are  sensitive  enough  to  de¬ 
tect  such  a  light  rusting  condition. 

This  work  will  consist  of  a  survey  of  available  litera¬ 
ture  on  electrical  resistance  corrosion  Indicators  to  esta¬ 
blish  the  suitability  of  the  indicators  in  the  detection  of 
incipient  corrosicin  and  their  applicatiO’D  to  corrosion  pre¬ 
ventive  testing. 

PROCEDURE  AND  RESULTS  (Literature  Survey) 

A  search  of  the  literature  revealed  numerous  references 
on  the  subject  cf  electrical  resistance  corrosion  indicators 
which  are  described  as  follows. 

Development  of  Thin  Film  Indicators 

Roller studied  the  corrosion  rates  o-f  thin,  contigu¬ 
ous,  adherent,  vavauro  deposited  films  at  various  humidities 
to  determine  their  suitability  as  corrosion  indicators.  This 
study  revealed  thar  differences  noted  in  the  rate  and  amount 
of  corrosion  ippeated  to  be  due  to  the  thickness  cf  the  iron 
film  and  the  substrate  einplo>yed.  A  definite  decrease  in 
corrosion  was  evident  when  the  thickness  of  the  films  were 
too  thick  or  thin,  and  when  a  plastic,  .po lyme tbacrylate  resin 
was  utilized  ss  the  substrate  raither  than  borosilicate  glass. 

McClovd,  et  also  studied  different  variables  and 

found  that  thin  t'Trcded  earlier.  A  film  thickness  of 

1000  AngstrC'irs  prrvided  the  best  overall  results.  No  diffi¬ 
culties  were  eo'c tered  obtaining  a  good  coating  if  the 
surface  had  been  d'^gr eased  and  dried  prlcr  tr  deposition  of 
the  film. 

The  work  of  Roller -1'  indicated  that  adsorbed  gas  layers 
on  the  surface  cf  tte  glass  substrates  affected  the  rate  of 
corrosicr.  Thr.s  cond;. t:.cn  was  eliminated  by  removing  the  ad¬ 
sorbed  gas  layers  by  pcs.ttive  Ion  bombardment.  The  presence 
of  adsorbed  gas  Is.ve.rs  was  confirmed  by  Bslser  and  Hankinson '3) , 
The  gas  layer  f.  rn.shed  the  oxyger  r,e  cess  ary  for  small  particles 
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of  the  oxides  of  iron  foric  at  random  sites  on  the  film. 
These  subsequently  became  elements  of  electrolytic  cells  in 
which  the  iron  film  acted  as  the  anode  in  the  presence  of  air 
at  25^  C  and  70%  R.H.  Destructive  oxidation  of  the  film 
thereafter  proceeded  by  electrochemical  processes.  The  gas 
layer  was  effectively  removed  by  predeposition  heating  of  the 
glass  substrate  to  400®C. 

In  addition  to  iron,  Belser,  et  also  studied 

various  nonferrous  mietals.  Considering  all  of  the  metals 
tested,  iron  was  the  mo>st  satisfactory.  Films  of  manganese 
and  bimetal  films  of  iron  and  copper  exhibited  corrosion 
characteristics  similar  to  Iron  except  that  their  corro'Sion 
rates  were  slightly  greater. 

McCloud,  et  found  that  pure  iron  does  not 

corrode  rapidly  enough  or  reliably  enough  to  be  suitable  as 
a  corrosion  indicator.  The  surface  must  be  sensitized  with 
a  salt  In  order  to  provide  the  necessary  rate  of  corrosion. 
The  need  j^or  a  sensitized  film  was  confirmed  by  Belser  and 
Hankinson^®'  who  found  that  films  sensitized  by  a  salt  or 
hydrochloric  arid  corroded  at  25^C  when  the  relative  humidity 
rose  above  approximately  30%.  The  work  indicated  that  both 
sensitized  and  unsensitized  films  may  be  needed  for  a  proper 
indication  of  corrosive  conditions. 

In  the  preraration  of  a  sensitized  indicator, 

McCloud,  et  alC^H6M7})  utilized  ammonium  chloride  in  methyl 
alcohol.  The  most  suitable  method  of  application  was  by 
spraying  the  thin  metal  surface.  This  procedure,  however, 
produced  an  indicate::  with  a  response  time  which  was  too 
rapid  for  use  In  noixmal  packaging  operations.  It  was 
possible  that  such  an  crdlcator  would  show  visual  evidence 
of  corrosion  prior  t •  placement  in  a  package.  This  problem 
was  resolved  by  using  a  ccTbination  of  four  parts  of  sodium 
chromate  to  one  part  :f  ammonium  chloride.  This  provided  a 
proper  delay  in  response  time  and  uniformity  of  corrosion. 

The  delay  can  be  Increased  with  an  increased  concentration 
of  sodium  chromate.  It  was  pointed  out  that  when  films  are 
sensltlzedj  variables  ether  than  temperature  and  humidity 
have  little  if  an/  effete. 

The  work  :f  Belser,  et  al  ■  included  studies  of 

salt  treated  films  ir  early  experiments.  Since  the  use 

of  salt  obscjred  th'?  effe:t  of  all  variables  other  than 
temperature  and  humiiity,  the  primary  effort  was  made  in 
the  studies  of  unsenslt  lied  films.  In  ccnjunition  with 
this  werkf  efforts  were  made  +c  trace  sources  of  inadvertent 
sensltizatit r . 
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The  work  of  Belser  and  Hankinson^®^  Indicated  that  the 
films  were  being  se~jsitized  inadvertently  by  chemical  fumes 
of  ferric  chloride  or  nitric  acid  coming  from  a  nearby 
chemical  laboratory.  The  contaminated  specimens  corroded 
very  rapidly  upon  subsequent  exposure.  To  prevent  a  re¬ 
currence,  an  inert  gas  dry  box  was  constructed  for  use  in  the 
preparation  of  specimens.  It  was  indicated  that  exposure  to 
room  temperature  should  be  held  at  a  minimum. 

In  their  work  utilizing  unsensitized  films,  Belser  and 
Engel conducted  extensive  studies  of  bimetal  layers  of 
iron  and  copper.  A  more  noble  metal  in  contact  with  the 
iron  was  used  to  accelerate  the  corrosion  of  iron.  It  was 
revealed  that  films  of  copper  strips  plus  iron  in  a  ‘"ladder" 
configuration  produced  resistance  measurements  that  clearly 
indicated  differences  in  substrate  cleaning.  Difficulties 
were  encountered  In  the  use  of  films  prepared  by  simultaneous 
evaporation  of  copper  and  iron  due  to  problems  in  the  control 
of  alloying  proportions.  This  contributed  to  a  large  scatter 
in  corrosion  rates  o-bserved. 

Development  of  Corrosion  Probes 

The  use  of  corrosion  probes  in  monitoring  corrosion  in 
refinery  equipment  was  investigated  by  Freedman,  et 
The  principle  of  electrical  resistance  was  successfully  used 
under  all  conditions  of  temperature  and  pressure  encountered 
in  refinery  cperatl'Ons.  Co-rrosion  rates  in  vapor  and 
liquid  phases,  with  both  oil  and  aqueous  solutions,  have  been 
measured . 

With  the  aid  of  corrosion  probes,  corrosion  rates  were 
determined  q lantitct ively  ir,  several  boors,  as  compared  to 
the  months  required  for  coupon  measuremerts ,  water  analyses, 
and  unit  insp‘=  otioos .  The  effects  cf  changes  in  unit  oper¬ 
ating  procedures  upon  corrosion  rates  were  observed  shortly 
after  changes  were  made.  Varicus  corrosion  Inhibitors  were 
compared  rapiaiy  in  actual  use.  The  probes  were  also  found 
to  be  very  useful  Ir  establishing  corrcsicn  rates  in  sensi¬ 
tive  locations  cr  in  new  processes  where  little  was  known. 

The  Crest  Irst^'crent  Division  :f  Magna.  Products,  Inc., 
Santa  Fe  Springs.  California,  Currently  produces  the  Corroso- 
meter  which  utilises  the  rorrosion  probe.  The  probes  can  be 
fabricated  from  numerous  metals  in  the  fcrm  :-f  wire,  strip  or 
tube,  dependen*  u;or  the  application.  The  unit  provides  con¬ 
tinuous  monitoring  cf  small  resistance  changes  in  a  corrosive 
environment . 

Belser  i*-!  Engel  adapted  the  Ccr ^ csc-seter  to  study 
the  ccrrcsion  -'t  thir  metal  films.  Ir  :>n  ?nd  oncper  were 
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simultaneously  evaporated  onto  a  glass  slide.  The  coating 
was  divided,  with  one-half  being  left  unprotected  and  the 
other  half  coated  with  Glyptal. 

Although  time  permitted  only  limited  tests  to  be  con¬ 
ducted,  the  data  collected  indicated  the  Corrosometer  to  be 
a  highly  sensitive  indicator  of  corrosion  of  the  metal  film 
tested  and  that  it  would  be  useful  in  more  extensive  studies 
of  corrosion.  Additional  work  is  necessary,  however,  to  ob¬ 
tain  a  more  suitable  coating  than  Glyptal  for  the  reference 
specimen. 

Electrical  Resistance  Measurements 

In  the  original  work  on  thin  metal  films.  Roller 
measured  the  electrical  resistance  per  inch  using  an  ohmmeter. 
Since  the  film  was  only  1/8  inch  wide,  it  was  necessary  to 
use  a  correction  factor  of  8  to  establish  the  resistance  per 
square.  The  work  revealed  that  the  electrical  resistance  of 
an  exposed  film  did  net  increase  to  any  great,  extent  until 
corrosion  was  well  advanced  and  readily  observed .  At  that 
point  the  resistance  of  the  specimen  increased  until  almost 
Infinite  values  were  obtained.  It  was  indicated  that  resis¬ 
tance  values  utilizing  this  technique  approximated  those  ob¬ 
tained  by  more  elaborate  techniques  and  provided  a  suitable 
means  of  comparing  film  thickness  and  monitoring  corrosion. 

The  work  of  Belser  and  Engel indicated  that  thin  iron 
films  deposited  by  vacuum  evaporation  on  clean  glass  slides 
did  not  show  any  visual  corrosion  after  60  days  at  250C  and 
70%  relative  humidity.  However,  careful  electrical  measure¬ 
ments  Indicated  small  resistance  changes  of  one  to  five  per¬ 
cent  during  the  same  period.  Attempts  to  increase  the 
corrosion  rates  by  rtughenlog  the  substrate,  partially 
oxidizing  the  film,  placing  the  film  in  tensicn,  or  utilizing 
bimetal  films  of  Ircr  and  oepper,  were  only  partially 
successful.  Although  c'.rtosion  rates  increased  by  a  factor 
of  two  cr  three,  data  scatter  was  still  widespread. 

McCloud,  et  found  that  electrica,!  resistance  in¬ 

dicators  cerrede  at  t.bc  same  rate  as  visual  indicators  when 
factors  inf  lue-. '.irg  the  ra'.e  of  ccrrcslcn  are  held  constant. 
Electrical  indicaUrs  ge'.erally  have  an  .initial  resistance  of 
10  ohms.  The  resictance  -^us:  increase  by  a  factor  of  100  to 
a  value  of  1000  chts  t:  pr^'vide  a  general  comparison  with 
moderately  correded  visu;l  indicators.  Currently  available 
instrumentati: n  calls  f'r  cc/rective  action  when  the  electri¬ 
cal  resistance  f  tb-=  fiJr.  reached  ?i.0C0  chms  cr  mere. 

Elect/ i.,al  anaicrt  rs  of  the  card  type,  having  ar  area 
of  1.75  square  i-chfs  a-d  the  button  type  having  an  area  of 
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0.12  squ'ire  Ti.::.izcd,  iwvsloped.  Th.e  card  indicators  were 

most  svitib’ ic  0  *-'1'^  1  i-:rger  srea  ai^ailable.  While  tests 

of  replicats  S’>e-<:.j."-v.r,£  Jl-r:.i,,c3tea  c^mly  &i:vgbt  scattering  of 
data  points,  ’ii'j.s  re':, ea."' ed  th2,t  corro-iCTj  did  not  effect 
the  resistaC'^.e  c  f  fiirc  '.’ntil  s-t  Icost  .?0'%  of  the  area  had 
been  corrodsd.  It  '-tas  xe-^-ealed  that  when  sirnilficant  cor¬ 
rosion  was  r?*.  ttir  -filT^s,  items  showed  only 

minor  jrros  JL::') . 

Perforaance  "S'es -t  s  1/ "tj.! i r g  rieti trical  Resisa-g-’) ce  Ir.dicators 

The  Fvr&r.  P.rO'auits  lahor'afory  cor, tsd  work  (not  yet 
published)  tO-  is' ’c.iVr.^e  the  =-ult.ab'ill  ty  of  r'.v'orrosio.ti  indi¬ 
cators  utiliccsicg  ttr,':;  felt  i:r.ir'':atcr,s. 

This  prc?>jec  t  uoilixed  the  different  types  of  visual  and 
electrical  tbdr,  fi.I.r  .ir.dlc.ators  to>  detect  corrosive  effects 
on  different  cetJl  >•  in  rar.tc-ys  e  T''",i!;ro!r.»?rts. .  Tests  were  con¬ 
ducted  at  80'^-''  and  2C''’F  arl  :-relative  htiimi'ii ties  ranging  be¬ 
tween  ,30  and  95%>  lic.i.'';?  stee.!,  mgresi'cr ,  cadnium-plated 

steel  and  .aiuirm  n'l)  sp-clmer.,?..  The  elect::  ='..1  .'ai,easurements 
were  obtair.ecJi  py  ut.i tir-iag  a  ;c,crtable  cor.rosion  ne:..er.  The 
meter  w,as  •desigr.<ed  C';--  lAidicace  only  whether  an  environment 
was  good  or  ere  w,-4..?  r,'-'  r,co':,’3.S'iI iraie  to  'indicate  the 

degree  of.  cc-:r 'COS  i'-'er e&s  .  Forest  Predwe t,-  l-i bcratcry  per¬ 
sonnel  added  4.  graic'^ste i  sccT.e  s  >  asS  tt'  be  ,ah]'.e  tO'  determine 
changS'S  ,.r-  re  fis.  bet'w.ps.-'  ir.3,pe„..r,i,j,.-;  . 

l.he  test,  res..;.t«  e.v.iibJ  tt-d  ■jf'tdes.L.'re  fi,,d  .'ci.r ;  d.t:b:.''T .  In  ,a 
particu.Iat:  gr  cjp  :f  film  test  r  - ,  ths  ;’"ir,,i'mum 

failure  tj,r„e  f'r  tr  ir„d.i''/idu.5i..'.  sje  wi.?  Jid  hi''':xrs ,  while 

the  .maximum  t  i;;"*  »i.s-  34.  t^nrs.  ■.'r.'As'.c  stati;.  C'r  irisrng  humi¬ 
dity  ccrdit.ic- fcf'  Tts  irfferencr  ir  .a--,'s,>T ags  f.'j.M'-.ie  time  be¬ 
tween  the  in  i  :  ' ^  s  d  t,h?  r.ero'.  s;r-vc,l.'r..f  ns  ;c,’c-i"ided  a 
reastnabie  OA.j’e  ri  ,.r  wc*  r.h  ?■  s..  ^e  r  titn  could 

be  det«-,.-.te  1  &.  ??  ■,  r.rs'ced.  I'.iT,':  r. ''nui  tion.s ,  however, 

the  ordr.:  ct  ;s,,.  r  va-s  '  -  .er  ,=  .i  i ,  zte  stsfl  oarts,  having 

a  gre.atsr  ras -s  '.re  .''d.' t-'/s ,  «xr.'b:".Pi  :T*ndf:r>,satiO'D 

first.  U^der  .  1  .  f  r  t., ,  ’  i  tt  <=•  ?.:ii.:ar.:£  die  net  detect 

the  prescT,'^  f  a.  .■  s."---  a  sc  t  e- >=  .  I',  -‘-o  Tvticated 

that  t^Js  .'fn  «i.'t  r 'f  be  ' . •-.  '-'O  by  attaching 

the  ;'rdi',?t/r  ?  -  'i.v  ^  *.>•=  ,  vcM.-.g/ >.  ■  *  >  ■•  . 

.*  *.r.:  ,  'r.  t-i  .t  .  :>i  ^  a,tcF2.tic 

alarn  d',  v  i  t<  -■  er  ...  j/ -senre  ;f  ^  si . e  atmos¬ 
phere  by  ?  tl  -.‘b  .' ...ub',  vi  .  r  '♦■.  t’'-  the  corrosion 

metet  ♦h'  -eda  ■;  ':  :s  -•b  s  r-e  ^  t"  . ' -re  . 

Th'--  ^'jhi  -.rt--:  -  ■;.■•  :  ^  tb?  :*■•;■  e  i".;-:  i  will  provide 

complete  ib  I :  :  T.-  n  ■>r  i  A-.  ■.=  •;  ■'C  ,  s  '?  /  d:t»'rT.ir:e  the 

b8.sis  f:::  ’•be  c  r5f.  ,  •■'  'b’ii'.ve. 
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DISCUSSION 


As  indicated  in  the  previous  section,  considerable  effort 
was  expended  in  the  evaluation  of  electrical  resistance  cor¬ 
rosion  indicators.  Since  this  technique  provides  a  rapid  means 
of  detecting  a  corrosive  atmosphere,  it  was  necessary  to  esta¬ 
blish  their  sensitivity  in  the  detection  of  corrosion. 

From  the  standpoint  of  handling  or  use,  the  indicators  are 
quite  sensitive.  It  was  revealed  that  precautions  are 
necessary  tc  prevent  the  indicators  from  being  inadvertently 
sensitized.  Chemical  fumes  commonly  present  in  a  laboratory 
will  rapidly  accelerate  the  rate  of  corrosion  and  thereby  pro¬ 
duce  large  increases  in  resistance. 

In  order  to  successfully  utilize  electrical  resistance 
corrosion  indicators  in  corrosion  preventive  testing,  it  was 
necessary  to  know  if  very  minor  or  Incipient  rusting  could  be 
detected.  According  to  Belser  and  Engel thin  iron  films 
deposited  by  vacuum  deposition  onto  clean  glass  slide  did  not 
corrode  to  such  an  extent  that  it  was  visible  to  the  naked 
eye  after  exposure  at  25^C  and  70%  relative  humidity  in 
periods  greater  than  60  days.  Careful  electrical  measurements, 
however,  indicated  small  resistance  changes  of  one  to  five 
percent  during  the  same  period.  This  would  seem  to  indicate 
the  presence  of  very  mlncLr  corrosion  which  could  not  be  de¬ 
tected  by  the  naked  eye. 

The  work  of  Forest  Products  Laboratory,  however,  did 
not  indicate  a  very  high  degree  of  sensitivity  utilizing  the 
thin  film  indicators.  Widespread  variation  in  results  were 
evident  in  tests  conducted. 

Belser  and  Engel  adapted  the  corrosometer  for  use 
with  a  glass  slide  having  a  thin  metal  film.  The  data  col¬ 
lected  indicated  the  corroscmeter  to  be  a  highly  sensitive  in¬ 
dicator  of  corrosion  and  would  be  useful  in  more  extensive 
corrosion  studies.  It  was  noted,  however,  that  satisfactory 
results  could  be  obtained  only  after  a  thorough  check  of  the 
electronic  system  and  elimination  cf  variables  in  procedure. 

There  are  other  matters  that  must  be  considered  con¬ 
cerning  the  use  cf  resistance  iodicatcts.  The  development 
and  investigative  work  on  the  icdlcatcrs  was  conducted  under 
carefully  controlled  labcrat^ry  conditions  In  atmospheres 
free  of  contaminant  gasses  and  particulate  contamination. 

Since  the  surface  of  the  irdrcatcr  Is  so  highly  sensitized, 
it  is  conceivable  that  a  reaction  could  occur  between  the 
metal  surface  and  ai'b;’-ne  ccntaminatlcn such  as  sulfur 
dioxide,  bydr': gen  s.lfide,  charcoal,  dust,  etc. 
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The  work  of  Ronccray  ^ describes  the  effects  of  con¬ 
tamination.  It  was  revealed  that  highly  polished  steel  sur¬ 
faces  exhibited  no  corrosion  for  eight  months  at  static 
humidities  of  95  to  100  percent,  using  iiighly  purified  air 
and  water  vapor.  When  the  surfaces  v/eie  prepared  by  ordinary 
polishing  procedures,  impurities  were  retained  in  minute 
grooves  and  fissures  on  the  surfaces  and  corx’osion  appeared 
much  sooner.  Similarly,  the  introduction  of  contaminants  to 
the  test  environment  could  serve  as  an  accelerator  and  pro¬ 
duce  corrosion  in  a  much  shorter  period  of  time. 

It  should  also  be  mentioned  that  available  data  on  re¬ 
sistance  indicators  was  based  upon  tests  conducted  utilizing 
bare  indicators.  In  order  to  be  successfully  utilized  in 
corrosion  preventive  testing,  the  indicators  must  be  coated 
with  the  material  to  be  tested,  Current  corrosion  preventive 
materials  are  highly  fortified  with  additives  to  provide 
corrosion  protection,  resistance  to  oxidation,  water  dis¬ 
placing  properties  and  suitable  viscosity  temperature  charac¬ 
teristics.  With  the  high  concentration  of  additives,  it  is 
possible  that  a  reaction  may  occur  with  the  highly  sensitized 
surface  of  the  indicator.  This  could  result  in  corrosion 
without  the  presence  of  a  corrosive  environment  and  thereby 
produce  erroneous  results. 

Based  upon  the  information  obtained  in  the  literature 
and  work  in  progress,  the  current  corrosion  indicators  have 
not  been  perfected  to  such  a  degree  that  they  can  replace 
the  test  panel  in  protection  tests  of  corrosion  preventive 
oils  and  compounds.  Prior  to  initiating  a  program  of  this 
nature,  it  is  recommended  that  work  be  conducted  to  refine 
the  current  indicators  to  provide  the  sensitivity  needed  in 
corrosion  preventive  testing. 

The  corrosometbT  wculd,  however,  provide  a  satisfactory 
and  rapid  means  of  comparing  the  corrosiveness  of  various 
testing  environments  and  would  be  of  benefit  in  the  corrosion 
preventive  program  of  this  laboratory. 
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